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HEAT TREATMENT APPARATUS AND 
METHOD FOR HEATING SUBSTRATE BY 

PHOTO-IRRADIATION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to a heat treatment 
apparatus and method for heating a semiconductor Wafer, a 
glass substrate for a liquid crystal display, and the like (here 
inafter referred to simply as a “substrate”) by photo-irradia 
tion of the substrate. 

[0003] 2. Description of the Background Art 
[0004] Conventionally, a lamp annealer employing halogen 
lamps has been commonly used in the step of activating ions 
in a semiconductor Wafer after ion implantation. Such a lamp 
annealer carries out the activation of ions in a semiconductor 
Wafer by heating (or annealing) the semiconductor Wafer to a 
temperature of the order of, for example, 1000 to 1 100° C. In 
such a heat treatment apparatus, the energy of the light emit 
ted from halogen lamps is used to raise the substrate tempera 
ture at a rate of about several hundred degrees per second. 

[0005] In recent years, With the increasing integration of 
semiconductor devices, it has been desired that junctions be 
made shalloWer With decreasing gate length. It has, hoWever, 
transpired that even if the above lamp annealer, Which raises 
the temperature of a semiconductor Wafer at a rate of about 
several hundred degrees per second, is used to carry out the 
activation of ions in a semiconductor Wafer, a phenomenon 
still occurs Where boron, phosphorous, or other ions 
implanted in the semiconductor Wafer are deeply heat dif 
fused. The occurrence of such a phenomenon gives rise to the 
apprehension that the junction may become deeper than the 
desired level, hindering good device formation. 
[0006] With regard to this, US. Pat. Nos. 6,998,580 and 
6,936,797 disclose techniques for raising only the surface 
temperature of an ion-impregnated semiconductor Wafer 
Within an extremely short period of time (several millisec 
onds or less) by irradiating the surface of the semiconductor 
Wafer With ?ashes of light from xenon ?ash lamps (The term 
“?ash lamp” as used hereinafter refers to a “xenon ?ash 
lamp .”) The xenon ?ash lamps have a spectral distribution of 
radiation ranging from ultraviolet to near-infrared regions. 
The Wavelength of the light emitted from xenon ?ash lamps is 
shorter than that of the light emitted from conventional halo 
gen lamps, and it almost coincides With the fundamental 
absorption band of a silicon semiconductor Wafer. Thus, 
When a semiconductor Wafer is irradiated With the ?ash light 
emitted from xenon ?ash lamps, the temperature of the semi 
conductor Wafer can be raised rapidly With only a small 
amount of light transmitted through the semiconductor Wafer. 
It has also transpired that the ?ash light emitted Within an 
extremely short period of time such as several milliseconds or 
less alloWs a selective temperature rise only near the surface 
of a semiconductor Wafer. Such an extremely quick tempera 
ture rise With xenon ?ash lamps Will alloW only the ion 
activation to be implemented Without deep diffusion of the 
ions. 

[0007] NoW, as a result of high-energy ion implantation 
prior to such ?ash heating, a number of defects are introduced 
into a silicon crystal of a semiconductor Wafer. Such defects 
tend to be introduced to a someWhat greater depth beloW the 
ion-impregnated layer. For the implementation of ?ash heat 
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ing, it is hence desirable that not only the ion activation but 
also the repair of such introduced defects be carried out 
together. 
[0008] HoWever, in extremely quick irradiation Where the 
time of light emission from the ?ash lamps is only about one 
millisecond, the speed of temperature rise at the surface of the 
semiconductor Wafer is higher than the speed of heat trans 
mission to the inside of the semiconductor Wafer due to the 
thermal conductivity of silicon. This enables a temperature 
rise in the ion-implanted layer, but not to a depth at Which 
defects are introduced. Nevertheless, if extremely high-en 
ergy light is emitted from the ?ash lamps, it Would be pos 
sible, even With extremely quick irradiation for about one 
millisecond, to raise the temperature at a depth Where defects 
are introduced and thereby repair those defects. HoWever, 
there arises a problem in that the surface temperature Would 
rise considerably, causing damage to the semiconductor 
Wafer. 
[0009] There has also been a suggestion to extend the time 
of photo-irradiation by the ?ash lamps to about several mil 
liseconds by controlling the coil constant of a poWer supply 
circuit supplying poWer to the ?ash lamps. Such extension of 
the irradiation time to about several milliseconds is consid 
ered effective in repairing defects introduced during ion 
implantation, because it alloWs a temperature rise not only at 
the surface of the semiconductor Wafer but also to a someWhat 
greater depth inside the semiconductor Wafer. HoWever, there 
is a possibility that extending the time of photo-irradiation by 
the ?ash lamps may cause the generation of neW crystal 
defects because of a continuous temperature rise at the sur 
face of a semiconductor Wafer. 

SUMMARY OF THE INVENTION 

[0010] The present invention is directed to a heat treatment 
method for heating a substrate by photo-irradiation of the 
substrate. 
[0011] According to an aspect of the invention, the heat 
treatment method includes the folloWing steps: a ?rst photo 
irradiation step of performing photo-irradiation of a substrate 
While increasing an emission output to a target value; and a 
second photo-irradiation step of performing photo-irradia 
tion of the substrate While maintaining the emission output 
Within a range of plus or minus 20% from the target value; 
Wherein a total of a photo-irradiation time in the ?rst photo 
irradiation step and a photo-irradiation time in the second 
photo-irradiation step is one second or less, and the photo 
irradiation time in the second photo-irradiation step ranges 
from 5 milliseconds to less than one second. 
[0012] The temperature of the substrate even at a depth 
Where defects are introduced can be raised to some extent 
Without the substrate surface being heated excessively. This 
alloWs the implementation of both the activation of implanted 
ions and the repair of introduced defects Without any damage 
to the substrate. 
[0013] The present invention is also directed to a heat treat 
ment apparatus for heating a substrate by photo -irradiation of 
the substrate. 
[0014] According to another aspect of the invention, the 
heat treatment apparatus includes the folloWing: a holder for 
holding a substrate; a photo-irradiation part for irradiating a 
substrate held by the holder With light; a light-emission con 
troller for controlling an emission output of the photo-irra 
diation part. The light-emission controller is con?gured to 
control an emission output of the photo-irradiation part in 
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such a manner that, after an initial photo-irradiation of a 
substrate is performed While increasing the emission output 
to a target value, a succeeding photo-irradiation of the sub 
strate is performed While maintaining the emission output 
Within a range of plus or minus 20% from the target value. The 
light-emission controller is also con?gured to control the 
photo-irradiation part in such a manner that a total of a photo 
irradiation time for the initial photo-irradiation and a photo 
irradiation time for the succeeding photo-irradiation is one 
second or less and that the photo-irradiation time for the 
succeeding photo-irradiation ranges from 5 milliseconds to 
less than one second. 

[0015] The temperature of the substrate even at a depth 
Where defects are introduced can be raised to some extent 
Without the substrate surface being heated excessively. This 
alloWs the implementation of both the activation of implanted 
ions and the repair of introduced defects Without any damage 
to the substrate. 

[0016] According to still another aspect of the invention, 
the heat treatment apparatus includes the folloWing: a holder 
for holding a substrate; a ?ash lamp for irradiating a substrate 
held by the holder With light; and a sWitching element con 
nected in series to the ?ash lamp, a capacitor, and a coil; and 
an energiZation controller for controlling the energiZation of 
the ?ash lamp by turning the sWitching element on or off. The 
energiZation controller is con?gured ?rst to turn the sWitch 
ing element on so as to increase an emission output of the 
?ash lamp to a target value, and then to repeat the turning on 
and off of the switching element so as to achieve a stable state 
Where the emission output of the ?ash lamp is maintained 
Within a range of plus or minus 20% from the target value. 

[0017] The light emission from the ?ash lamp alloWs the 
temperature of the substrate even at a depth Where defects are 
introduced to be raised to some extent Without the substrate 
surface being heated excessively. This alloWs the implemen 
tation of both the activation of implanted ions and the repair of 
introduced defects Without any damage to the substrate. 
[0018] Preferably, the energiZation controller is con?gured 
to repeat the turning on and off of the sWitching element in 
such a manner that, during the stable state, a combination of 
an ON-state period of a given time and a subsequent plurality 
of ON-state periods, each of Which is shorter than the given 
time, is repeated a plurality of times. 
[0019] This alloWs the emission output from the ?ash lamp 
to be maintained With stability Within the range of plus or 
minus 20% from the target value. 
[0020] Still more preferably, the energiZation controller is 
con?gured to repeat the turning on and off of the sWitching 
element in such a manner that, during the stable state, the last 
ON-state period is longer than the ?rst ON-state period. 
[0021] This alloWs the emission output from the ?ash lamp 
to be maintained With stability Within the range of plus or 
minus 20% from the target value. 
[0022] Still more preferably, the sWitching element is an 
insulated gate bipolar transistor. 
[0023] This is suitable for light emission from a ?ash lamp 
that requires a large amount of poWer. 
[0024] It is therefore an object of the present invention to 
implement both the activation of implanted ions and the 
repair of introduced defects Without any damage to the sub 
strate. 

[0025] These and other objects, features, aspects and 
advantages of the invention Will become more apparent from 
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the folloWing detailed description of the invention When taken 
in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a side sectional vieW of a con?guration of 
a heat treatment apparatus according to the present invention. 
[0027] FIG. 2 is a sectional vieW ofa gas passage in the heat 
treatment apparatus in FIG. 1. 
[0028] FIG. 3 is a sectional vieW of the structure of a holder. 
[0029] FIG. 4 is a plan vieW ofa hot plate. 
[0030] FIG. 5 is a side sectional vieW of the con?guration of 
the heat treatment apparatus in FIG. 1. 
[0031] FIG. 6 shoWs a driving circuit for a ?ash lamp. 
[0032] FIG. 7 shoWs the change in the surface temperature 
of a semiconductor Wafer from the start of preheating. 
[0033] FIG. 8 shoWs an example of the correlation betWeen 
the Waveform of a pulse signal and the current ?oWing 
through a circuit. 
[0034] FIG. 9 shoWs an example of the correlation betWeen 
the emission output of a ?ash lamp and the surface tempera 
ture of a semiconductor Wafer. 

[0035] FIG. 10 shoWs another example of the correlation 
betWeen the emission output of a ?ash lamp and the surface 
temperature of a semiconductor Wafer. 
[0036] FIG. 11 shoWs another example of the correlation 
betWeen the Waveform of a pulse signal and the current ?oW 
ing through a circuit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0037] A preferred embodiment of the invention is noW 
described in detail With reference to the draWings. 
[0038] First, a general con?guration of a heat treatment 
apparatus according to the invention is outlined. FIG. 1 is a 
side sectional vieW of a con?guration of a heat treatment 
apparatus 1 according to the invention. The heat treatment 
apparatus 1 is a lamp annealer for applying light to a generally 
disc-shaped semiconductor Wafer W serving as a substrate to 
thereby heat the semiconductor Wafer W. 
[0039] The heat treatment apparatus 1 includes a generally 
cylindrical chamber 6 for receiving a semiconductor Wafer W 
therein; and a lamp house 5 including a plurality of built-in 
?ash lamps FL. The heat treatment apparatus 1 further 
includes a controller 3 for controlling each operating mecha 
nism provided in the chamber 6 and in the lamp house 5 for 
the implementation of the heat treatment of a semiconductor 
Wafer W. 
[0040] The chamber 6 is located beloW the lamp house 5 
and includes a chamber side portion 63 having a generally 
cylindrical inner Wall and a chamber bottom portion 62 cov 
ering the bottom of the chamber side portion 63. A space 
surrounded by the chamber side portion 63 and the chamber 
bottom portion 62 is de?ned as a heat treatment space 65. 
Above the heat treatment space 65 is a top opening 60 
equipped With and blocked by a chamber WindoW 61. 
[0041] The chamber WindoW 61 forming the ceiling of the 
chamber 6 is a disk-shaped member made of quartZ and 
serves as a quartZ WindoW that transmits light emitted from 
the lamp house 5 into the heat treatment space 65. The cham 
ber bottom portion 62 and the chamber side portion 63, Which 
form the main body of the chamber 6, are made of, for 
example, a metal material such as stainless steel With high 
strength and high heat resistance; and an upper ring 631 on the 
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inner side face of the chamber side portion 63 is made of an 
aluminum (Al) alloy or the like With greater durability than 
stainless steel against degradation due to light emission. 
[0042] In order to maintain the hermetic state of the heat 
treatment space 65, the chamber WindoW 61 and the chamber 
side portion 63 are sealed With an O-ring. To be more speci?c, 
an O-ring is inserted betWeen an underside peripheral portion 
of the chamber WindoW 61 and the chamber side portion 63, 
and a clamp ring 90 is provided to abut against an upper-side 
peripheral portion of the chamber WindoW 61 and to be 
screWed to the chamber side portion 63, thereby forcing the 
chamber WindoW 61 onto the O-ring. 
[0043] The chamber bottom portion 62 has a plurality of 
(three, in this preferred embodiment) support pins 70 extend 
ing upright therefrom through a holder 7 in order to support a 
semiconductor Wafer W from the underside (the surface 
opposite the surface receiving light from the lamp house 5) of 
the semiconductor Wafer W. The support pins 70 are made of, 
for example, quartz and can be replaced easily because they 
are secured from outside the chamber 6. 

[0044] The chamber side portion 63 has a transport opening 
66 for the transport of a semiconductor Wafer W. The trans 
port opening 66 is openable and closable by a gate valve 185 
that pivots about an axis 662. On the opposite side of the 
chamber side portion 63 from the transport opening 66, an 
inlet passage 81 is formed, Which introduces a processing gas 
(e.g., an inert gas such as a nitrogen (N 2) gas, a helium (He) 
gas, or an argon (Ar) gas; or an oxygen (O2) gas and the like) 
into the heat treatment space 65. The inlet passage 81 has one 
end connected through a valve 82 to a gas supply mechanism 
not shoWn and the other end connected to a gas inlet buffer 83 
formed inside the chamber side portion 63. The transport 
opening 66 has an outlet passage 86 formed to exhaust a gas 
Within the heat treatment space 65 and connected through a 
valve 87 to an exhaust mechanism not shoWn. 

[0045] FIG. 2 is a sectional vieW of the chamber 6 taken 
along a horizontal plane at the level of the gas inlet buffer 83. 
As illustrated in FIG. 2, the gas inlet buffer 83 is formed to 
extend over about one third of the inner periphery of the 
chamber side portion 63 on the opposite side from the trans 
port opening 66 in FIG. 1, so that the processing gas intro 
duced into the gas inlet buffer 83 through the inlet passage 81 
is supplied through a plurality of gas supply holes 84 into the 
heat treatment space 65. 

[0046] The heat treatment apparatus 1 further includes the 
generally disk-shaped holder 7 for holding a semiconductor 
Wafer W in a horizontal position inside the chamber 6 and 
preheating the held semiconductor Wafer W prior to photo 
irradiation; and a holder elevating mechanism 4 for moving 
the holder 7 vertically relative to the chamber bottom portion 
62, Which is the bottom of the chamber 6. The holder elevat 
ing mechanism 4 in FIG. 1 includes a generally cylindrical 
shaft 41, a movable plate 42, guide members 43 (in the present 
preferred embodiment, three guide members 43 are located 
around the shaft 41), a ?xed plate 44, a ball screW 45, a nut 46, 
and a motor 40. The chamber bottom portion 62, Which is the 
bottom of the chamber 6, has a generally circular loWer open 
ing 64 that has a smaller diameter than the holder 7. The shaft 
41 of stainless steel extends through the loWer opening 64 and 
is connected to the underside of the holder 7 (in this preferred 
embodiment, a hot plate 71 of the holder 7) to support the 
holder 7. 
[0047] The nut 46 in threaded engagement With the ball 
screW 45 is ?xed to the movable plate 42. The movable plate 

Nov. 19, 2009 

42 is movable in a vertical direction by being slidably guided 
by the guide members 43 that are ?xed to and extend doWn 
Wardly from the chamber bottom portion 62. The movable 
plate 42 is coupled to the holder 7 through the shaft 41. 
[0048] The motor 40 is installed on the ?xed plate 44 
mounted to the loWer ends of the guide members 43 and is 
connected to the ball screW 45 via a timing belt 401. When the 
holder elevating mechanism 4 moves the holder 7 vertically, 
the motor 40 serving as a driver rotates the ball screW 45 under 
the control of the controller 3 so that the movable plate 42 
?xed to the nut 46 is moved along the guide members 43 in a 
vertical direction. The result is that the shaft 41 ?xed to the 
movable plate 42 is moved in a vertical direction so that the 
holder 7 connected to the shaft 41 is moved up and doWn 
smoothly betWeen a transfer position for transfer of a semi 
conductor Wafer W in FIG. 1 and a processing position for 
processing of the semiconductor Wafer W in FIG. 5. 
[0049] On the upper surface of the movable plate 42, a 
mechanical stopper 451 of a generally semi-cylindrical shape 
(the shape formed by cutting a cylinder into half along its 
length) extends upright along the ball screW 45. Even if any 
anomalies happen to cause the movable plate 42 to move up 
above a given upper limit, the top end of the mechanical 
stopper 451 Will strike an end plate 452 provided at the end of 
the ball screW 45, preventing irregular upWard movement of 
the movable plate 42. This prevents the holder 7 from being 
moved up above a given level under the chamber WindoW 61, 
thus avoiding collision of the holder 7 With the chamber 
WindoW 61. 
[0050] The holder elevating mechanism 4 further includes a 
manual elevator 49 for manually moving the holder 7 up and 
doWn for maintenance of the interior of the chamber 6. The 
manual elevator 49 includes a handle 491 and a rotary shaft 
492 and can move the holder 7 up and doWn by rotating the 
rotary shaft 492 With the handle 491 to thereby rotate the ball 
screW 45 connected to the rotary shaft 492 via a timing belt 
495. 

[0051] On the underside of the chamber bottom portion 62, 
expandable and contractible belloWs 47 that extend doWn 
Wardly around the shaft 41 are provided, With their upper ends 
connected to the underside of the chamber bottom portion 62. 
The loWer ends of the belloWs 47 are mounted to a belloWs 
loWer-end plate 471. The belloWs-loWer-end plate 471 is 
screWed to the shaft 41 With a collar member 411. The belloWs 
47 Will contract When the holder elevating mechanism 4 
moves the holder 7 upWardly relative to the chamber bottom 
portion 62, While they Will expand When the holder elevating 
mechanism 4 moves the holder 7 doWnWardly. The expansion 
and contraction of the belloWs 47 alloWs the heat treatment 
space 65 to be kept air-tight even during the upWard and 
doWnWard movement of the holder 7. 

[0052] FIG. 3 is a sectional vieW of the structure of the 
holder 7. The holder 7 includes the hot plate (heating plate) 71 
for preheating (What is called assisted heating) a semiconduc 
tor Wafer W; and a susceptor 72 installed on the upper surface 
(the face Where the holder 7 holds a semiconductor Wafer W) 
of the hot plate 71. The underside of the holder 7 is, as 
described previously, connected to the shaft 41 for moving the 
holder 7 up and doWn. The susceptor 72 is made of quartz (or 
it may be of aluminum nitride (AlN) and the like) and has, on 
the upper surface, pins 75 for preventing misalignment of a 
semiconductor Wafer W. The susceptor 72 is provided on the 
hot plate 71, With its underside in face-to -face contact With the 
upper surface of the hot plate 71. The susceptor 72 is thus 
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capable of diffusing and transmitting heat energy from the hot 
plate 71 to a semiconductor Wafer W placed on its upper 
surface and is cleanable during maintenance by being 
removed from the hot plate 71. 
[0053] The hot plate 71 includes an upper plate 73 and a 
loWer plate 74, both made of stainless steel. Resistance heat 
ing Wires 76, such as nichrome Wires, for heating the hot plate 
71 are installed betWeen the upper and loWer plates 73 and 74, 
and a space betWeen the upper and loWer plates 73 and 74 is 
?lled and sealed With electrically conductive brazing nickel 
(Ni). The upper and loWer plates 73 and 74 are brazed to each 
other at their ends. 

[0054] FIG. 4 is a plan vieW of the hot plate 71. As illus 
trated in FIG. 4, the hot plate 71 has a disk-shaped zone 711 
and a ring-shaped zone 712 that are concentrically arranged 
in the central portion of an area facing a semiconductor Wafer 
W being held; and four zones 713 to 716 formed by dividing 
a generally ring-shaped area around the zone 712 into four 
equal sections in a circumferential direction. Each pair of 
adjacent zones has a slight gap formed therebetWeen. The hot 
plate 71 is further provided With three through holes 77 
through Which the support pins 70 are inserted and Which are 
spaced 120° apart from one another on the circumference of 
a gap betWeen the zones 711 and 712. 

[0055] In each of the six zones 711 to 716, the resistance 
heating Wires 76 are installed independent of one another to 
circulate around each zone to form an individual heater, so 
that each zone is heated individually by its oWn built-in 
heater. A semiconductor Wafer W held by the holder 7 is 
heated by those built-in heaters in the six zones 711 to 716. 
Each of the zones 711 to 716 has a sensor 710 for measuring 
the temperature of each zone With a thermocouple. Each 
sensor 710 is connected to the controller 3 through the inside 
of the generally cylindrical shaft 41. 
[0056] In heating the hot plate 71, the controller 3 controls 
the amount of poWer supplied to the resistance heating Wires 
76 installed in each zone so that the temperature of each of the 
six zones 711 to 716 measured by the sensor 710 becomes a 
given preset temperature. The controller 3 uses PID (propor 
tional integral derivative) control for the temperature control 
of each zone. In the hot plate 71, the temperature of each of the 
zones 711 to 716 is continuously measured until the heat 
treatment of a semiconductor Wafer W is completed (or, When 
there are a plurality of semiconductor Wafers W to be pro 
cessed in succession, until the heat treatment of all the semi 
conductor Wafers W is completed), and the amount of poWer 
supplied to the resistance heating Wires 76 installed in each 
zone is controlled on an individual basis, i.e., the temperature 
of the heater built in each zone is controlled individually, so 
that the temperature of each zone is kept at a set temperature. 
The set temperature of each zone can be changed by only an 
individually determined offset value from a reference tem 
perature. 
[0057] The resistance heating Wires 76 installed in each of 
the six zones 711 to 716 are connected to a poWer supply 
source (not shoWn) over a poWer line passing through the 
inside of the shaft 41. On the Way from the poWer supply 
source to each zone, the poWer line from the poWer supply 
source is installed Within a stainless tube ?lled With an insu 
lator such as magnesia (magnesium oxide) so as to be elec 
trically insulated from the other lines. The inside of the shaft 
41 is open to the atmosphere. 
[0058] The lamp house 5 includes, inside a casing 51, a 
light source including a plurality of (in this preferred embodi 
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ment, 30) xenon ?ash lamps FL, and a re?ector 52 provided to 
cover over the light source. The lamp house 5 also has a 
lamp-light radiating WindoW 53 mounted to the bottom of the 
casing 51. The lamp-light radiating WindoW 53 forming the 
?oor portion of the lamp house 5 is a plate-like member made 
of quartz. The lamp house 5 is provided above the chamber 6 
so that the lamp-light radiating WindoW 53 is opposed to the 
chamber WindoW 61. The lamp house 5 applies light from the 
?ash lamps FL through the lamp-light radiating WindoW 53 
and the chamber WindoW 61 to a semiconductor Wafer W held 
by the holder 7 Within the chamber 6, to thereby heat the 
semiconductor Wafer W. 
[0059] The plurality of ?ash lamps FL, each of Which is a 
rod-shaped lamp having an elongated cylindrical shape, are 
arranged in a plane so that they are longitudinally parallel to 
one another along the major surface (i.e., in the horizontal 
direction) of a semiconductor Wafer W held by the holder 7. 
The plane de?ned by the arrangement of the ?ash lamps FL is 
accordingly a horizontal plane. 
[0060] FIG. 6 illustrates a driving circuit for a ?ash lamp 
FL. As illustrated, a capacitor 93, a coil 94, a ?ash lamp FL, 
and a sWitching element 96 are connected in series. The ?ash 
lamp FL includes a rod-shaped glass tube (discharge tube) 92 
containing a xenon gas sealed therein and having positive and 
negative electrodes provided on its opposite ends; and a trig 
ger electrode 91 Wound on the outer peripheral surface of the 
glass tube 92. Upon the application of a given voltage from a 
poWer supply unit 95, the capacitor 93 is charged in response 
to the applied voltage. A trigger circuit 97 is capable of 
applying voltage to the trigger electrode 91. The timing of the 
voltage application from the trigger circuit 97 to the trigger 
electrode 91 is under the control of the controller 3. 
[0061] The present preferred embodiment employs an insu 
lated gate bipolar transistor (IGBT) as the sWitching element 
96. The IGBT is a bipolar transistor that incorporates a MOS 
FET (metal-oxide-semiconductor ?eld-effect transistor) into 
the gate and is also a sWitching element suitable for handling 
a large amount of poWer. The sWitching element 96 receives, 
at its gate, a pulse signal from a pulse generator 31 in the 
controller 3. 
[0062] Even if, With the capacitor 93 in the charged state, a 
pulse is output to the gate of the sWitching element 96 and a 
high voltage is applied to the electrodes across the glass tube 
92, no electricity Will ?oW through the glass tube 92 in a 
normal state because the xenon gas is electrically insulative. 
HoWever, if the trigger circuit 97 applies voltage to the trigger 
electrode 91 to produce an electrical breakdown, current Will 
?oW instantaneously betWeen the electrodes across the glass 
tube 92, and the resultant excitation of xenon atoms or mol 
ecules Will induce light emission. 
[0063] The re?ector 52 in FIG. 1 is provided above the 
plurality of ?ash lamps FL to cover over all those ?ash lamps 
FL. A fundamental function of the re?ector 52 is to re?ect the 
light emitted from the plurality of ?ash lamps FL toWard the 
holder 7. The re?ector 52 is an aluminum alloy plate, and its 
surface (facing the ?ash lamps FL) is roughened by abrasive 
blasting to produce a satin ?nish thereon. Such surface rough 
ing is required, because if the re?ector 52 has a perfect mirror 
surface, the intensity of the re?ected light from the plurality 
of ?ash lamps FL Will exhibit a regular pattern, Which can 
cause deterioration in the uniformity of the surface tempera 
ture distribution in the semiconductor Wafer W. 
[0064] The controller 3 controls the aforementioned vari 
ous operating mechanisms provided in the heat treatment 
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apparatus 1. The hardware con?guration of the controller 3 is 
similar to that of a general computer. Speci?cally, the con 
troller 3 includes a CPU for performing various computa 
tions; a ROM or read-only memory for storing basic pro 
grams therein; a RAM or readable/Writable memory for 
storing various pieces of information therein; and a magnetic 
disk for storing control software, data, etc. therein. The con 
troller 3 further includes the pulse generator 31 and a Wave 
form setter 32 and is connected to an input unit 33. The input 
unit 33 may be any of various knoWn input equipment such as 
a keyboard, a mouse, or a touch panel. The Waveform setter 32 
sets the Waveform of a pulse signal based on the input con 
tents from the input unit 33, and the pulse generator 31 gen 
erates a pulse signal in accordance With that Waveform. The 
pulse generator 31 outputs the generated pulse signal to the 
gate of the sWitching element 96. This alloWs the controller 3 
to control the energiZation of the ?ash lamp FL by turning the 
sWitching element 96 on or off, thereby controlling the emis 
sion output of the ?ash lamp FL. 
[0065] The heat treatment apparatus 1 further includes, in 
addition to the above components, various cooling structures 
to prevent an excessive temperature rise in the chamber 6 and 
in the lamp house 5 due to heat energy generated by the ?ash 
lamps FL and the hot plate 71 during the heat treatment of a 
semiconductor Wafer W. For instance, a Water cooling tube 
(not shoWn) is provided in the chamber side portion 63 and the 
chamber bottom portion 62 of the chamber 6. The lamp house 
5 forms an air cooling structure in Which a gas supply pipe 55 
and an exhaust pipe 56 are provided to form a gas ?oW therein 
and to exhaust heat (cf. FIGS. 1 and 5). Air is also supplied to 
a gap betWeen the chamber WindoW 61 and the lamp-light 
radiating WindoW 53 to cool the lamp house 5 and the cham 
ber WindoW 61. 

[0066] Next, a procedure for processing a semiconductor 
Wafer W in the heat treatment apparatus 1 is described. A 
semiconductor Wafer W to be processed herein is a semicon 
ductor substrate doped With impurities (ions) by ion implan 
tation. The activation of doped impurities and the repair of 
defects introduced during ion implantation are implemented 
by photo-irradiation heating (annealing) by the heat treatment 
apparatus 1. 
[0067] First, the holder 7 is moved doWn from the process 
ing position in FIG. 5 to the transfer position in FIG. 1. The 
“processing position” as used herein refers to the position of 
the holder 7 Where light is applied from the ?ash lamps FL to 
the semiconductor Wafer W, i.e., the position of the holder 7 
Within the chamber 6 shoWn in FIG. 5. The “transfer position” 
as used herein refers to the position of the holder 7 Where the 
semiconductor Wafer W is transported into and out of the 
chamber 6, i.e., the position of the holder 7 Within the cham 
ber 6 shoWn in FIG. 1. A reference position of the holder 7 in 
the heat treatment apparatus 1 is the processing position. Prior 
to processing, the holder 7 is in the processing position and, 
upon the start of processing, the holder 7 is moved doWn to the 
transfer position. When moved doWn to the transfer position 
as illustrated in FIG. 1, the holder 7 is brought into close 
proximity to the chamber bottom portion 62, so that the upper 
ends of the support pins 70 protrude through the holder 7 
above the holder 7. 
[0068] When the holder 7 is moved doWn to the transfer 
position, the valves 82 and 87 are opened to introduce a 
room-temperature nitrogen gas into the heat treatment space 
65 of the chamber 6. Then, the gate valve 185 is opened to 
open the transport opening 66, Whereby a semiconductor 
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Wafer W is transported through the transport opening 66 into 
the chamber 6 and placed on the plurality of support pins 70 
by a transport robot outside the apparatus. 
[0069] The nitrogen gas supplied into the chamber 6 during 
the transport of the semiconductor Wafer W is purged from the 
chamber 6 at a rate of about 40 L/min. The supplied nitrogen 
gas Will ?oW from the gas inlet buffer 83 in the direction of the 
arroWs AR4 in FIG. 2 Within the chamber 6 and Will be 
exhausted through the outlet passage 86 and the valve 87 in 
FIG. 1, using a utility exhaust system. Part of the nitrogen gas 
supplied into the chamber 6 is also exhausted from an exhaust 
port (not shoWn) provided inside the belloWs 47. In each step 
described beloW, the nitrogen gas is continuously supplied 
into and exhausted from the chamber 6, and the amount of 
nitrogen gas supply may vary Widely in accordance With each 
step for processing the semiconductor Wafer W. 
[0070] After the transport of the semiconductor Wafer W 
into the chamber 6, the transport opening 66 is closed With the 
gate valve 185. Then, the holder elevating mechanism 4 
moves the holder 7 upWardly from the transfer position to the 
processing position, Which is in close proximity to the cham 
ber WindoW 61. In the course of the upWard movement of the 
holder 7 from the transfer position, the semiconductor Wafer 
W is transferred from the support pins 70 to the susceptor 72 
of the holder 7 and then placed and held on the upper surface 
of the susceptor 72. When the holder 7 is moved up to the 
processing position, the semiconductor Wafer W held on the 
susceptor 72 is also held at the processing position. 
[0071] Each of the six Zones 711 to 716 of the hot plate 71 
has been heated up to a given temperature by its oWn indi 
vidually built-in heater (the resistance heating Wires 76) in 
each Zone (betWeen the upper plate 73 and the loWer plate 74). 
By the holder 7 being moved up to the processing position and 
brought into contact With the semiconductor Wafer W, the 
semiconductor Wafer W is preheated by the heaters built in the 
hot plate 71 and its temperature rises gradually. 
[0072] FIG. 7 shoWs the change in the surface temperature 
of a semiconductor Wafer W from the start of preheating. 
Preheating for time t1 at the processing position causes the 
temperature of a semiconductor Wafer W to rise up to a preset 
preheating temperature T1. The preheating temperature T1 is 
of the order of 200 to 800° C., preferably of the order of 350 
to 600° C. (in the present preferred embodiment, 600° C.,) at 
Which temperature there is no apprehension that impurities 
used in doping the semiconductor Wafer W are heat diffused. 
The time t1 for preheating the semiconductor Wafer W ranges 
from about 3 to about 200 seconds (in the present preferred 
embodiment, 60 seconds.) The distance betWeen the holder 7 
and the chamber WindoW 61 may be varied arbitrarily by 
controlling the amount of rotation of the motor 40 in the 
holder elevating mechanism 4. 
[0073] After the lapse of a preheating time t1, photo-irra 
diation heating of the semiconductor Wafer W is started using 
the ?ash lamps FL at time A. For photo-irradiation from the 
?ash lamps FL, the capacitor 93 should be charged in advance 
by the poWer supply unit 95. Then, With the capacitor 93 in the 
charged state, a pulse signal is output from the pulse generator 
31 in the controller 3 to the sWitching element 96. 
[0074] FIG. 8 shoWs an example of the correlation betWeen 
the Waveform of a pulse signal and the current ?oWing 
through a circuit. In the present example, a pulse signal hav 
ing a Waveform as illustrated in the upper part of FIG. 8 is 
output from the pulse generator 31. The pulse signal Wave 
form can be de?ned by inputting from the input unit 33 a set 
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of instructions that sequentially de?ne a period of time (ON 
time) during Which the pulse is at a high level and a period of 
idle time (OFF time) betWeen pulses. When an operator 
inputs such a set of instructions from the input unit 33 to the 
controller 3, the Waveform setter 32 in the controller 3 sets a 
pulse Waveform as illustrated in the upper part of FIG. 8. The 
pulse Waveform illustrated in the upper part of FIG. 8 is set to 
include an initial relatively long pulse PA and a subsequent 
plurality of relatively short pulses PB. The plurality of rela 
tively short pulses PB are so set that their pulse Widths 
increase (i.e., their periods of time extend) gradually from the 
?rst pulse P1 toWard the last pulse P2. Then, the pulse gen 
erator 31 outputs a pulse signal in accordance With the pulse 
Waveform set by the Waveform setter 32. As a result, a pulse 
signal having a Waveform as illustrated in the upper part of 
FIG. 8 is applied to the gate of the sWitching element 96, for 
control of the on/ off driving of the sWitching element 96. 
[0075] In synchronization With the timing of the turning on 
of the pulse signal output from the pulse generator 31, the 
controller 3 causes the trigger circuit 97 to apply a voltage to 
the trigger electrode 91. Thereby, When the pulse signal input 
to the gate of the sWitching element 96 is ON, current ?oWs 
inevitably betWeen the electrodes across the glass tube 92, 
and the resultant excitation of xenon atoms or molecules 
induces light emission. Outputting the pulse signal having a 
Waveform as illustrated in the upper part of FIG. 8 from the 
controller 3 to the gate of the sWitching element 96 and 
applying a voltage to the trigger electrode 91 in synchroniza 
tion With the timing of the turning on of the pulse signal 
produce a current ?oW as illustrated in the loWer part of FIG. 
8 through the circuit including the ?ash lamp FL. In other 
Words, When a pulse signal input to the gate of the sWitching 
element 96 is ON, the value of the current ?oWing through the 
glass tube 92 in the ?ash lamp FL Will increase. It is noted 
herein that an individual current Waveform corresponding to 
each pulse is de?ned by the constant of the coil 94. 
[0076] The ?oW of a current having a Waveform as illus 
trated in the loWer part of FIG. 8 induces light emission from 
the ?ash lamp FL. The emission output of the ?ash lamp FL 
is almost proportional to the current ?oWing through the ?ash 
lamp FL. Thus, the output Waveform of the emission output of 
the ?ash lamp FL exhibits a pattern as illustrated in the upper 
part of FIG. 9. In accordance With the output Waveform from 
the ?ash lamp FL as illustrated in the upper part of FIG. 9, 
photo-irradiation of the semiconductor Wafer W held at the 
processing position by the holder 7 is performed. As a result, 
the surface temperature of the semiconductor Wafer W 
changes as illustrated in the loWer part of FIG. 9. 

[0077] If, as in conventional cases, each ?ash lamp FL 
emits light Without the use of the sWitching element 96, the 
charge stored in the capacitor 93 is consumed by only one 
instance of light emission, so that the ?ash lamp FL Will 
produce a single-pulse output Waveform having a Width of the 
order of 0.1 to 10 milliseconds. On the other hand, if, as in the 
present preferred embodiment, the sWitching element 96 is 
connected in the circuit and a pulse signal as illustrated in the 
upper part of FIG. 8 is output to the gate of the sWitching 
element 96, the light emission from the ?ash lamp FL is, in a 
sense, chopper-controlled. Thus, the charge stored in the 
capacitor 93 can be divided for consumption, and the ?ash 
lamp FL Will repeatedly ?ash Within an extremely short 
period of time. As illustrated in FIG. 8, it is noted herein that 
the emission output Will never become exactly Zero even 
during the repeated ?ashing of the ?ash lamp FL because 
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before the value of the current becomes exactly Zero, the next 
pulse is applied to the gate of the sWitching element 96 to 
increase the value of the current again. 

[0078] The output Waveform as illustrated in the upper part 
of FIG. 9, as compared With the conventional single-pulse 
Waveform, can be regarded as relatively extending the emis 
sion time While maintaining the emission output as almost 
constant. In other Words, after initial photo-irradiation of a 
semiconductor Wafer W is performed While increasing the 
emission output of the ?ash lamp FL to a target value LP (?rst 
photo-irradiation step), succeeding photo-irradiation of the 
semiconductor Wafer W is performed While maintaining the 
emission output Within a range of plus or minus 20% from the 
target value LP (second photo-irradiation step.) 
[0079] To be more speci?c, in the initial photo-irradiation, 
the pulse generator 31, as a ?rst step, outputs a relatively long 
pulse PA to the gate of a sWitching element 96, Whereby the 
sWitching element 96 is turned on to increase the emission 
output of the ?ash lamp FL to the target value LP. As illus 
trated in the loWer part of FIG. 8, the value of the current 
?oWing through the ?ash lamp FL increases during the ON 
state of the sWitching element 96, and in proportion to this, the 
emission output from the ?ash lamp FL also increases. 

[0080] After the emission output from the ?ash lamp FL 
has increased to the target value LP, the process transitions to 
the succeeding photo-irradiation. In the succeeding photo 
irradiation, the pulse generator 31 intermittently outputs a 
plurality of relatively short pulses PB to the gate of the sWitch 
ing element 96, thereby repeating the turning on and off of the 
sWitching element 96 so as to achieve a stable state Where the 
emission output from the ?ash lamp FL is maintained Within 
the range of plus or minus 20% from the target value LP. As 
illustrated in the loWer part of FIG. 8, the value of the current 
?oWing through the ?ash lamp FL drops during the OFF state 
of the sWitching element 96; it Will be increased again by 
turning the sWitching element 96 on before it drops doWn 
considerably. Then, before the value of the current rises con 
siderably, the sWitching element 96 is turned off again, so that 
the value of the current drops again. By repeating this turning 
on and off, the value of the current ?oWing through the ?ash 
lamp FL can be maintained at approximately a constant value, 
as a result of Which the emission output from the ?ash lamp 
FL canbe maintained With stability Within the range of plus or 
minus 20% from the target value LP. 

[0081] During this succeeding photo-irradiation, a current 
of 100 to 1500A Will ?oW through the ?ash lamp FL through 
the application of a voltage of 5000 to 500 V. Under this 
maintained light-emission condition, the irradiation energy 
of light emitted to the surface of the semiconductor Wafer W 
held at the processing position by the holder 7 ranges from 5 
to 100 J/cm2 during the succeeding photo-irradiation. In the 
actual succeeding photo-irradiation, the emission output 
from the ?ash lamp FL may increase instantaneously due to 
an instantaneous ?oW of a large current (inrush current) at the 
instant When the sWitching element 96 is turned on. When 
such inrush current is taken into consideration, the range of 
?uctuation in the emission output is plus or minus 20%. FIGS. 
8 and 9 shoW such an inrush current being smoothed. In the 
case of smoothing such an inrush current, the emission output 
from the ?ash lamp FL can be regarded as being maintained 
With stability Within a range of plus or minus 10% from the 
target value LP. 
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[0082] Moreover, in the succeeding photo-irradiation, the 
pulse Widths increase gradually from the ?rst pulse P1 of the 
plurality of pulses PB toward the last pulse P2. 
[0083] In other Words, the controller 3 repeats the turning 
on and off of the switching element 96 in such a manner that, 
during the stable state, the ON-state periods extend gradually 
from the ?rst ON-state period toWard the last ON-state period. 
This is because if the plurality of pulses PB have a constant 
pulse Width during the succeeding photo-irradiation, the 
value of the current ?oWing through the ?ash lamp FL may 
drop gradually, thereby possibly causing the emission output 
from the ?ash lamp FL to decrease to beloW 20% from the 
target value LP. Extending the pulse Widths gradually from 
the ?rst pulse P1 toWard the last pulse P2 alloWs the value of 
the current ?oWing through the ?ash lamp FL to be main 
tained at almost a constant value, so that the emission output 
from the ?ash lamp FL can be maintained With stability 
Within the range of plus or minus 20% from the target value 
LP. It is noted herein that the period of time during Which the 
sWitching element 96 is off is unchanged during the succeed 
ing photo-irradiation. 
[0084] The photo-irradiation time for the initial photo-irra 
diation ranges from 0.1 to 10 milliseconds, and the photo 
irradiation time for the succeeding photo-irradiation ranges 
from 5 milliseconds to less than one second. HoWever, a total 
time of photo-irradiation from the ?ash lamps FL during one 
instance of ?ash heating, i.e., the total of the photo -irradiation 
time for the initial photo-irradiation and the photo-irradiation 
time for the succeeding photo-irradiation, should be one sec 
ond or less. 

[0085] The aforementioned initial photo-irradiation and 
succeeding photo-irradiation from the ?ash lamps FL in 
accordance With the output Waveform as illustrated in the 
upper part of FIG. 9 cause the surface temperature of the 
semiconductor Wafer W to rise from the preheating tempera 
ture T1 up to a processing temperature T2. The processing 
temperature T2 is of the order of 1000 to 13000 C. (in the 
present preferred embodiment, about 10000 C.); at Which 
temperature, impurities implanted in the semiconductor 
Wafer W are activated. In the present preferred embodiment, 
during the course of the transition from the initial photo 
irradiation to the succeeding photo-irradiation, the surface 
temperature of the semiconductor Wafer W rises up to the 
processing temperature T2 more sloWly than in the case of a 
conventional single pulse as illustrated in the loWer part of 
FIG. 9. Then, during the succeeding photo-irradiation, the 
emission output from the ?ash lamp FL is maintained Within 
the range of plus or minus 20% from the target value LP, 
Whereby the surface temperature of the semiconductor Wafer 
W is maintained at the processing temperature T2 for over 10 
milliseconds. By implementing such heating, the temperature 
even at a someWhat greater depth beloW the ion-impregnated 
layer, to Which depth defects are introduced, can be raised to 
some extent, as a result of Which even the repair of defects can 
proceed. In addition, since, as illustrated in the loWer part of 
FIG. 9, the surface temperature of the semiconductor WaferW 
Will never considerably rise above the processing temperature 
T2, the semiconductor Wafer W can be prevented from being 
damaged thermally. 
[0086] After completion of the succeeding photo-irradia 
tion, the surface temperature of the semiconductor Wafer W 
drops rapidly from the processing temperature T2. Then, after 
completion of the photo-irradiation heating With the ?ash 
lamps FL and after approximately a 10-second standby at the 
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processing position, the holder elevating mechanism 4 moves 
the holder 7 again doWn to the transfer position in FIG. 1, at 
Which position the semiconductor Wafer W is transferred 
from the holder 7 to the support pins 70. Subsequently, the 
transport opening 66, Which had been closed by the gate valve 
185, is opened, so that the semiconductor Wafer W placed on 
the support pins 70 is transported out by the transport robot 
outside the apparatus. This completes the photo-irradiation 
heating of the semiconductor Wafer W in the heat treatment 
apparatus 1. 
[0087] As described previously, during the heat treatment 
of the semiconductor Wafer W in the heat treatment apparatus 
1, a nitrogen gas is continuously supplied into the chamber 6. 
The amount of that supply is approximately 30 liters per 
minute When the holder 7 is at the processing position, and 
approximately 40 liters per minute When the holder 7 is at any 
position other than the processing position. 
[0088] As discussed earlier, in the conventional single 
pulse ?ash photo-irradiation, the implementation of high 
energy irradiation or long-pulse ?ash photo-irradiation in 
order to enable even the repair of defects causes a signi?cant 
rise in the surface temperature, thereby causing thermal dam 
age to a semiconductor Wafer W. In the present preferred 
embodiment, after the initial photo-irradiation of a semicon 
ductor Wafer W is performed While increasing the emission 
output to the target value LP, the succeeding photo -irradiation 
of the semiconductor Wafer W is performed While maintain 
ing the emission output Within the range of plus or minus 20% 
from the target value LP. The implementation of such photo 
irradiation heating can prevent the surface temperature of the 
semiconductor Wafer W from rising considerably above the 
processing temperature T2 as Well as alloWing the tempera 
ture even at a someWhat greater depth beloW the surface to be 
raised to some extent. Consequently, both the activation of 
implanted ions and the repair of introduced defects can be 
achieved Without any thermal damage to the semiconductor 
Wafer W. 

[0089] The reason Why the emission output from the ?ash 
lamp FL during the succeeding photo-irradiation is main 
tained Within the range of plus or minus 20% from the target 
value LP is because, if the emission output increases to above 
20% from the target value LP, the surface temperature of the 
semiconductor Wafer W Will rise above the processing tem 
perature T2, Which Will cause thermal damage. LikeWise, if 
the emission output decreases to beloW 20% from the target 
value LP, the surface temperature of the semiconductor Wafer 
W Will drop considerably beloW the processing temperature 
T2, in Which case although ion activation is still possible, the 
repair of introduced defects is dif?cult. 
[0090] In the photo-irradiation heating according to the 
present preferred embodiment, the total time of photo-irra 
diation from the ?ash lamps FL is one second or less; the 
photo-irradiation time for the initial photo-irradiation during 
the ON state of the sWitching element 96 ranges from 0.1 to 10 
milliseconds; and the photo-irradiation time for the succeed 
ing photo-irradiation during Which the turning on and off of 
the sWitching element 96 is repeated ranges from 5 millisec 
onds to less than one second. The reason Why the photo 
irradiation time for the initial photo -irradiation is 10 millisec 
onds or less is because, if the ?rst ON-state period of the 
sWitching element 96 exceeds 10 milliseconds, the emission 
output from the ?ash lamp FL Will increase considerably 
above the target value LP and cause the surface temperature 
of the semiconductor Wafer W to rise above the processing 
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temperature T2, thereby causing thermal damage. The reason 
Why the photo-irradiation time for the succeeding photo 
irradiation is 5 milliseconds or more is in order to maintain the 
surface temperature of the semiconductor Wafer W at the 
processing temperature T2 for such a period of time that the 
repair of defects can proceed. 

[0091] While the preferred embodiment according to the 
invention has been described so far, various modi?cations of 
the invention in addition to those described above may be 
made Without departing from the scope and spirit of the 
invention. For instance, the photo-irradiation heating using 
the ?ash lamps FL is not limited to the one in the example of 
FIG. 9; it may, for example, be the one as illustrated in FIG. 
10. Also in the example illustrated in the upper part of FIG. 
10, after the initial photo-irradiation of a semiconductor 
Wafer W is performed While increasing the emission output 
from the ?ash lamps FL to the target value LP, the succeeding 
photo-irradiation of the semiconductor Wafer W is performed 
While maintaining the emission output Within the range of 
plus or minus 20% from the target value LP. The example in 
the upper part of FIG. 10 differs from the one in the upper part 
of FIG. 9 in that the photo-irradiation time for the succeeding 
photo-irradiation is longer than that in the example of FIG. 9. 
By extending the photo-irradiation time for the succeeding 
photo-irradiation during Which the turning on and off of the 
sWitching element 96 is repeated, the period of time during 
Which the surface temperature of the semiconductor Wafer W 
is maintained at the processing temperature T2 can be 
extended as illustrated in the loWer part of FIG. 10. 

[0092] Even in this case, the surface temperature of the 
semiconductor Wafer W Will never rise considerably above 
the processing temperature T2, and since the temperature 
even at a someWhat greater depth beloW the surface can be 
raised to some extent, both the activation of implanted ions 
and the repair of introduced defects can be implemented 
Without any thermal damage to the semiconductor Wafer W as 
in the above preferred embodiment. Although the photo-irra 
diation time for the succeeding photo-irradiation may still be 
longer than in the example of FIG. 10, a total of the photo 
irradiation time for the initial photo -irradiation and the photo 
irradiation time for the succeeding photo-irradiation should 
be one second or less. 

[0093] In summary, photo-irradiation heating for a total 
photo-irradiation time of one second or less (What is called 
“millisecond annealing”) should be implemented in such a 
manner that, after the initial photo-irradiation of a semicon 
ductor Wafer W is performed While increasing the emission 
output to the target value LP, the succeeding photo -irradiation 
of the semiconductor Wafer W is performed While maintain 
ing the emission output Within the range of plus or minus 20% 
from the target value LP. If such photo-irradiation is possible, 
a different circuit con?guration from the one illustrated in 
FIG. 6 may be employed. For instance, tWo poWer supply 
circuits having different coil constants may be connected to a 
single ?ash lamp FL. Moreover, the light source is not limited 
to the ?ash lamps FL as long as it is capable of enabling 
photo-irradiation for one second or less; it may, for example, 
be a laser. By implementing the aforementioned photo-irra 
diation heating, the temperature of the semiconductor Wafer 
W even at a someWhat greater depth beloW the surface can be 
raised to some extent, With the surface temperature being 
maintained at the processing temperature T2. Thus, both the 
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activation of implanted ions and the repair of introduced 
defects can be achieved Without any thermal damage to the 
semiconductor Wafer W. 

[0094] While in the above preferred embodiment, the pulse 
Widths during the succeeding photo -irradiation increase 
gradually from the ?rst pulse P1 of the plurality of pulses PB 
toWard the last pulse P2, if the ?rst pulse P1 is longer than the 
last pulse P2, i.e., if the last ON-state period of a sWitching 
element 96 is longer than the ?rst ON-state period during the 
stable state, the ON-state periods during the stable state may 
extend either steadily or in stages. This alloWs the value of the 
current ?oWing through the ?ash lamp FL to be maintained 
almost at a constant value, thus alloWing the emission output 
from the ?ash lamp FL to be maintained Within the range of 
plus or minus 20% from the target value LP. 

[0095] Alternatively, the pulse generator 31 may output a 
pulse signal as illustrated in FIG. 11 to a sWitching element 
96. FIG. 11 shoWs another example of the correlation 
betWeen the Waveform of a pulse signal and the current ?oW 
ing through a circuit. The pulse Waveform illustrated in the 
upper part ofFIG. 11 is set to include a plurality ofpulse sets 
PS each consisting of a relatively long pulse PC and a subse 
quent plurality of relatively short pulses PD. In other Words, 
relatively long pulses PC are mixed at suitable intervals With 
the plurality of relatively short pulses PD. Such a pulse Wave 
form is set by the Waveform setter 32 and is output as a pulse 
signal from the pulse generator 31, as a result of Which a pulse 
signal having a Waveform as illustrated in the upper part of 
FIG. 11 is applied to the gate of a switching element 96 for 
control of the on/ off driving of the sWitching element 96. This 
case is the same as described previously in that the controller 
3 causes the trigger circuit 97 to apply voltage to the trigger 
electrode 91 in synchronization With the timing of the turning 
on of the pulse signal output from the pulse generator 31. 
[0096] In this Way, the current as illustrated in the loWerpart 
of FIG. 11 ?oWs through a circuit Which includes a ?ash lamp 
FL therein, inducing light emission from the ?ash lamp FL, 
and the resultant emission output exhibits, as in the above 
preferred embodiment, an output Waveform having a pattern 
as illustrated in the upper part of FIG. 9. In other Words, after 
the initial photo-irradiation of a semiconductor Wafer W is 
performed While increasing the emission output from the 
?ash lamp FL to the target value LP, then the succeeding 
photo-irradiation of the semiconductor Wafer W is performed 
While maintaining the emission output Within the range of 
plus or minus 20% from the target value LP. In the initial 
photo-irradiation, the pulse generator 31, as a ?rst step, out 
puts a relatively long pulse PC (a pulse PC in the initial pulse 
set PS) to the gate of a sWitching element 96, Whereby the 
sWitching element 96 is turned on so as to increase the emis 
sion output of the ?ash lamp FL to the target value LP. Then, 
after the emission output from the ?ash lamp FL has increased 
to the target value LP, the process transitions to the succeed 
ing photo -irradiation. In the succeeding photo -irradiation, the 
pulse generator 31 outputs a combination of a relatively long 
pulse PC and a plurality of relatively short pulses PD repeat 
edly a plurality of times to the gate of the sWitching element 
96, thereby repeating the turning on and off of the sWitching 
element 96 so as to achieve a stable state Where the emission 
output from the ?ash lamp FL is maintained Within a range of 
plus or minus 20% from the target value LP. 

[0097] In the example of FIG. 11, the controller 3 repeats 
the turning on and off of a sWitching element 96 in such a Way 
as to repeat a combination of a relatively long ON-state period 






